IntroduCtIon: Diabetes, a long-term condition increasing in prevalence, requires ongoing healthcare management. Exercise alongside lifestyle education and support is effective for diabetes management.
Introduction
Diabetes and prediabetes prevalence in New Zealand is high and predicted to rise. 1 Multimorbidity in people with diabetes is also high,
WHAT GAP THIS FILLS
What is already known
• Healthy lifestyle advice (diet and exercise) and support are important in diabetes/prediabetes condition management. There are many barriers associated with engaging in positive lifestyle changes. Simple advice is not sufficient.
• There is a shortage of specialist diabetes healthcare professionals.
• Adults with diabetes often have multimorbidity which requires complex management.
What this study adds
• Physiotherapists have a key role to play in complex diabetes management within primary health care teams by providing services based on supported exercise and education to help people make positive lifestyle changes.
• This programme is a model for evidence based lifestlye advice and ongoing support that could be implemented widely within primary care.
prevent the onset of diabetes from prediabetes [5] [6] [7] and to help in disease control. 8 Learning and adopting better self-management skills are also important in controlling diabetes and lowering hospital admissions. 9, 10 Although the benefits of exercise are well known, in the United States only 36% of people with diabetes engage in regular exercise compared to the national average of 58% (data for New Zealand are unknown.) 11 Key barriers to exercise uptake in people with diabetes and prediabetes include lack of time, lack of motivation, cost of transport and limited facilities. 12 In an Australian community-based study group exercise (n = 28) was more effective at glycaemic control (HbA1c) than home-based exercise (n = 29) in people with diabetes (−0.4% versus −0.1%). Differences were explained by greater exercise adherence associated with additional supervision and group interaction the community facility provided, 13 and self-management skills aiding group-based, patient-centred education. 9 Although not specific to diabetes patients, the 'green prescription', a written exercise prescription for sedentary patients, has been widely implemented throughout New Zealand primary care and has produced improvements in levels of physical activity and quality of life for adults aged 40-79. 14 Group based exercise 15 and selfmanagement interventions 16 have been explored in high risk communities (including Māori and Pacific) with diabetes and prediabetes with promising results. In New Zealand no programme run collaboratively (with physiotherapist, nurse, dietitian, pharmacist and podiatrist trainers), combines an exercise and self-management education intervention for people with diabetes and prediabetes. The School of Physiotherapy, University of Otago, has established a 12-week communitybased lifestyle programme for adults with diabetes and prediabetes, and associated multi-morbidities, combining group-based self-management education with circuit style exercise, in a culturally safe and supportive environment. The programme has been systematically developed, improved and qualitatively evaluated over time. 17 This study investigates the clinical outcomes for participants at programme completion and 3-months followup, and the acceptability of the programme to participants in an early cohort.
Methods Design
We undertook a prospective observational study of an intervention, with no parallel control, with baseline and repeated quantitative outcome measures and supportive qualitative data collection on acceptability. Participants were recruited from local health centres, the regional branch of Diabetes New Zealand and local Māori and Pacific health providers. Participants received twice weekly education and exercise, led by a physiotherapist and student physiotherapists and with the support of a primary health care nurse and other health professionals. Measures were taken at baseline (Week 0), programme completion (Week 12) and three month follow-up (Week 26) by the physiotherapist and nurse (Figure 1 ). 
Intervention
Participants attended a maximum of two 90-min sessions per week for 12 weeks. Research has shown greater improvement when programmes include > 18 h of education spread over a longer period of time, totalling at least 10 sessions. 20 Sessions comprised 45 min of education on a variety of health-related topics, then 45 min of exercise. The education sessions (table 1) were conducted by the physiotherapist or nurse or by other health professionals, including a community diabetes dietitian, a pharmacist, a podiatrist and a diabetes nurse specialist. The dietitian and diabetes nurse specialist are staff typically involved in diabetes group self-management education. 9 The physiotherapist, pharmacist and podiatrist were included in recognition of the evolving inter-professional healthcare environment and an understanding of the diabetes self-management core curriculum. 21, 22 All health professionals had received training in self-management education.
Exercise sessions included 5 min aerobic exercise warm-up; 30 min moderate intensity (Borg Rating of Perceived Exertion 12-14) 23 aerobic and resistance exercise circuit, focusing on the major muscle groups of the upper and lower limb, followed by 5 min upper and lower limb flexibility exercises. Exercises were individually prescribed and progressed by increasing repetitions and then increasing resistance over the 12 weeks. Participants could bring a family member, whānau, or friend along for support and participants' attendance was recorded.
Outcome measures
GPs provided demographic and clinical information (age, ethnicity, sex, long-term medical classifications and long-term medications). Measurement of HbA1c level is the gold standard measure of diabetes and prediabetes control 24 and the chosen outcome measure for a specifically designed feasibility study however this study was derived from (2) a community clinical service so funding for blood tests to record HbA1c was not available.
Clinical benefit was determined by standardised measures of cardiorespiratory fitness, waist circumference, exercise behaviour and self-efficacy at each of the three time points. The six minute walk test (6MWt) 25 was used to measure cardiorespiratory fitness, as it has been shown in older adults 26 and people with multi-morbidity, including cardiovascular disease, chronic obstructive pulmonary disease, and diabetes 27, 28 to have good concurrent validity with cycle ergometry as a measure of cardiorespiratory fitness. 29, 30 The minimal clinically important difference for the 6MWt is ~50 m in an older adult population with multimorbidity. 31, 32 Exercise behaviour was assessed using the Stanford Exercise Behaviour questionnaire, 33 with a particular focus on the time per week spent in aerobic and strengthening exercise. Self-efficacy for managing diabetes and prediabetes was measured using the Stanford Self-Efficacy for Managing Chronic Disease 6-item Scale. This measure gives a mean score out of 10, with higher numbers indicating better self-efficacy. 34 Programme acceptability was determined by selfcompletion of a paper written evaluation form with open-ended questions. Adherence was monitored by recording attendance and attrition determined by the physiotherapist following telephone discussion on their reasons for non-attendance with participants who ceased attending.
Data analysis
Quantitative data were examined with respect to change, from baseline (Week 0) to postintervention (Week 12) and from baseline to 3 months follow up (Week 26). Results were reported as mean (standard deviation (s.d.)), mean difference (95% confidence interval (CI)) and effect size ( Cohen's d). Effect size was calculated using the mean and s.d. with 0.2, 0.5 and 0.8 Qualitative data were analysed using thematic analysis. 35 On multiple readings the research team developed themes, subthemes, and categories from reading the statements and coded them independently then by consensus.
Results

Demographics
Thirty eight potential participants were assessed for eligibility. two were excluded: one did not meet the inclusion criteria and the other was excluded due to work commitments. The mean age of the 36 participants was 62 years (s.d. 11 years), all were 
Programme adherence/attrition
A 70% adherence rate was achieved; 385 of a possible 550 programme sessions were attended (25 participants × 22 sessions) (2 sessions were cancelled, one due to the Easter Holiday, the other due to snow making transport unsafe). Eleven participants (30%) dropped out: unrelated medical reasons -cancer diagnosis, total knee replacement, fractured foot from a fall, blood infection and an uncontrolled mental health condition were the most common reasons (n = 8), followed by work commitments (n = 2) and transport costs (n = 1). No adverse events were reported.
Discussion Summary
Results suggested there was a clinical benefit from mean improvement of cardiorespiratory fitness, waist circumference, exercise behaviour and self-efficacy, all outcomes relevant to diabetes/ prediabetes condition management. This clinical benefit remained at 3-months post programme (Week 26). Further, the programme maintained 33% Māori and Pacific ethnicity representation and overall good adherence. Participants were satisfied with the programme, particularly the supportive environment created from the therapeutic relationships developed, which engendered improved self-management strategies.
Clinical Benefit
Mean 6MWt showed a clinically significant increase (> 50 m) at Week 12 and Week 26. An improvement in cardiorespiratory fitness is associated with an improvement in diabetes control, 36-38 and reduction in diabetes risk. 39 Results compared favourably with previous studies that applied the 6MWt as a primary outcome measure in lifestyle interventions for older adults with multi-morbidity. 27, 28 Although mean waist circumference decreased 3 cm (95% CI -6 to -1) at Week 12 and was maintained at Week 26 (95% CI -6 to 1), the wide confidence intervals reduce the ability to make inferences. Waist circumference is a modifiable cardio-metabolic risk factor for diabetes and prediabetes 40,41 and 3 cm reduction in waist circumference has a significant benefit on cardio-metabolic risk factors in women with prediabetes 42 and men with diabetes or prediabetes. 43 Thus the 3 cm reduction found in this study is indicative of a decreased cardio-metabolic risk which is considered clinically beneficial for people with diabetes. 24 Self-efficacy in disease management improved post-programme at Weeks 12 (+0.7) and 26 (+0.8). The level of change suggests a clinical benefit. Studies with greater power than the present study report an increase of 0.5 as clinically beneficial following self-management interventions in populations with multi-morbidity Table 4 . Themes, categories and coded statements from the thematic analysis of the responses to the questionnaire that were used to determine acceptability and the medium to large effect sizes reported were similar to those in the present study. 34, 44, 45 Improved diabetes self-management skills are known to positively influence clinical, lifestyle and psychosocial outcomes in people with diabetes and prediabetes. 9, 16, 20 Mean data from the self-reported exercise behaviour questionnaire suggested both statistically and clinically significant mean increases in minutes per week spent performing aerobic exercise, towards 150 min/week: +53 min/week (95% CI 26 to 81; p ≤ 0.01) at Week 12, and +71 min/week (95% CI 25 to 118; p ≤ 0.01) at Week 26. Wide confidence intervals limit inferences about clinical benefit and there is a risk of measurement bias as people have been found to overestimate their exercise levels in self-report questionnaires, particularly people who are obese. 46, 47 However, aerobic exercise up to and above 150 min/week has been shown to help to control diabetes and to decrease the risk of developing diabetes in people with prediabetes.
5,48
Acceptability
The qualitative data informed about programme acceptability and importance of social support and improved self-management skills emerged as key themes. In previous qualitative studies of exercise programmes, social support has been a critical component of acceptability to people with diabetes and prediabetes. 16, 49, 50 Social support developed from relationships built between the staff, students and participants. Self-management skills strengthened as participants felt more motivated, confident, and safe in the supportive environment and were empowered to engage more with exercise: this may explain the beneficial self-efficacy findings. This empowering process is similar to that suggested by Stevens et al. 51 where perceived fitness, social support and self-efficacy contributed towards enjoyment of an exercise programme leading to improved programme adherence and exercise behaviour.
Adherence/attrition
The 70% adherence rate was similar to the pragmatic exercise study by Dasgupta et al. 52 in people with diabetes and prediabetes (68%) and Bjorgass et al.'s twice weekly 12-week supervised exercise class (77%). 53 Overall attrition from the programme was 30% (11/36), including five participants lost to followup at Week 26. Although this rate appears high, high attrition rates have been reported in other exercise studies in similar populations. 16, 54 No adverse events were reported and there was no attrition due to pain or other complications resulting from the exercise. The second most reported reason for attrition was lack of time and difficulty juggling work commitments and the twiceweekly programme. These barriers to exercise have been identified by others. 49, 55 The mean age for participants lost to follow-up was 54 years, suggesting these younger participants were still working so flexibility in programme scheduling may be desirable to improve adherence.
Limitations
This study was a pragmatic evaluation of the clinical benefit, acceptability and adherence to an existing diabetes/prediabetes community exercise and education programme, without a control group or blinding of the assessors or participants. Further, a power calculation was not completed because the physical capacity of the venue was limited and as a consequence, so was the number of participants in any one programme. The small sample size therefore limits the strength of statistical and clinical outcomes and conclusions drawn.
Implications
Current New Zealand health policy targets interventions that help prevent and manage the increasing prevalence of diabetes and prediabetes in Māori and Pacific people. 21, 56 Māori and Pacific people are low users of New Zealand health services so healthcare provided in a culturally accepted manner is important to aid access. 57, 58 A 33% combined representation of Māori and Pacific participants remaining during the 12-week programme and at 3-month follow-up is encouraging, given that Māori and Pacific people comprise 10% of Dunedin's and 22% of New Zealand's population. 59 Māori and Pacific health providers were approached and health professionals running the programme had close working links with the local Māori and Pacific community: this may have contributed to participation, cultural safety and programme adherence.
Conclusion
The 12-week lifestyle programme for adults with diabetes or prediabetes combining exercise and education in a culturally safe and supportive manner was acceptable and associated with positive health outcomes. Providing physiotherapy-led exercise and education in an appropriate community facility facilitated participants engaging with, and supporting others, in a programme modified for their own health needs. Further research into the programme's efficacy and cost-effectiveness is warranted along with a further review of its long-term effectiveness.
